Prediction of sectoral or total energy consumption for any country is very important issue to plan both short and long-term energy strategies and policies. In this study, the historical energy consumption data of four sectors and their total from 1970 to 2015 is used in a class of autoregressive integrated moving average (ARIMA) models to predict both sectoral and total energy consumption of Turkey for the next 15 years. The results indicate that Turkey's sectoral and total energy consumption will be following an upward trend during the forecast period. Energy consumptions of industry, transport, residential-commercial and public service and agriculture sectors and their total will continue to increase at an annual average rate of 1.59 %, 4.66 %, 2.97 %, 2.46 % and 3.93 %, respectively, in the next 15 years.
INTRODUCTION
Turkey is roughly located at the intersection point of Europe and Asia from the east to the west with Africa year (Karaaslan and Gezen, 2017) . Therefore, predicting future energy needs is vital to determine and plan energy policies and strategies investing in various sectors to meet future energy demand.
In the related literature, many studies used various methods to forecast future energy demand of Turkey and other countries at total or sectoral bases. Sözen (2009) made a future projection of energy dependency of Turkey using an artificial neural network (ANN) model. Hamzaçebi (2007) estimated Turkey's net electricity energy consumption on sectoral basis applying ANN. forecasted an industrial electricity demand for Turkey by structural time series model (STSM). Jobert and Karanfil (2007) used notion of Granger and instantaneous causality to find sectoral energy consumption by source and economic growth in Turkey. Sözen et al. (2007) forecasted sectoral energy consumption of greenhouse gas emissions in Turkey and mitigation policies using ANN. applied underlying energy demand trend (UEDT) and STSM models to forecast Turkish residential electricity demand. Liu et al. (2016) combined a grey neural network and input-output forecasting models to predict primary energy consumption of sectors of Spanish economy. Chai et al. (2016) analyzed energy demand of transportation sector in China using an exponential smoothing, ARIMA and multi regression methods. Azadeh et al. (2008) predicted electricity consumption of industrial sector in Iran by ANN. Sen et al. (2016) applied ARIMA for forecasting energy consumption of pig iron manufacturing in India. Yuan et al. (2016) compared ARIMA and Grey models for forecasting primary energy consumption of China. Li et al. (2012) forecasted short-term electricity consumption for Asian developing countries using an adaptive Grey-based approach. Ghedamsi et al. (2016) used a bottom-up model to predict energy consumption for residential buildings in Algeria. Pukšec et al. (2013) forecasted long-term energy demand of Croatian transport sector using EDT model. Cabral et al. (2017) predicted electricity consumption in Brazil by Spatial ARIMA model. Hussain et al. (2016) predicted electricity consumption in Pakistan via ARIMA model.
In this study, energy consumption data of industry, transport, residential-commercial and public service, and agriculture sectors and their total of Turkey for 1970-2015 is utilized to predict energy consumption for the period of 2016-2030. The energy consumption projection of the sectors are carried out with a class of univariate ARIMA models. It is believed that the present study will contribute to the limited amount of research in the related literature on Turkey's energy consumption in sectoral bases and will be reference to both policy planers and makers. The rest of the study is organized as follows. Section 2 describes data sources and empirical methodology used. Section 3 presents the results of the ARIMA models in predicting yearly energy consumption of sectors of the economy and their total for the next fifteen years and policy implications. The last section contains concluding remarks.
DATA AND METHODOLOGY
This study is based on historical data on energy consumption of industry, transport, residential-commercial and public service, agriculture sectors and their total for the 1970-2015 period. The data is extracted from website of Turkish General Directorate of Energy. The energy consumption variables are measured in ton of oil equivalent (toe). E-Views 9 statistical software is used to estimate a class of univariate ARIMA models. ARIMA models were introduced by Box and Jenkins (1970) . These are the most popular class of models for forecasting time series and have been broadly used. ARIMA depends on autocorellation patterns in the series because it uses the information in the series itself to make forecast without involving independent variables (Box and Jenkins, 1976) .
ARIMA (p, d, q) model has three parameters: (1) order of autoregressive process (AR), (2) the order of difference to make non-stationary series stationary (I), and (3) the order of moving average process (MA), represented respectively by -p‖, -d‖ and -q‖.
The equation of the generalized univariate ARIMA model is
where the differenced time series value is Yt, unknown parameters are α and θ, and independent identically distributed error terms are e. p is the number of autoregressive terms (AR) and q is the number of lagged forecast errors (MA) in the prediction equation .
EMPIRICAL RESULTS AND POLICY IMPLICATIONS
As stationary is essential in ARIMA forecasting, first ADF (Augmented Dickey-Fuller) unit root test is realized with and without a time trend variable. If unit root is found, it means that time series are non-stationary, using non-stationary series will result in spurious regression. ADF test results are given in Table 1 . The results indicate that stationary situation is obtained in the first differences of all energy consumption variables. Therefore, first differences of the variables are included as dependent variable in each univariate ARIMA model, meaning that process I of the ARIMA models are determined as (1). Then, all the univariate ARIMA models are estimated in the following form:
where, Yt -Yt-1, is the first difference of energy consumption variable, namely an industry, transport, residential-commercial and public service, agriculture sectors and their total, unknown parameters are α and θ and independent identically distributed error terms with zero mean are e. The order of the models parameters and thus the best fitted ARIMA models are selected based on Akaike information criterion (AIC). Figure 1 and Table 2 According to the study results, the energy consumptions of all the sectors are expected to increase by the end of 2030. Figure 2 (a) and Table 3 indicate that there is an ascending energy consumption of industry in Turkey with respect to forecasted industrial energy consumption values. The energy consumption of industry will continue to increase at an annual average rate of 1.59 % and will reach to 41 million toe in 2030 with 26.7 % increase from its value in 2015.
The energy consumption forecast in transport sector is presented in Figure 2 (b) and Table 3 . It is expected that energy consumption of transport sector will rise 4.66 % on average in the next 15 years and will be over 49 million toe in 2030 with 98 % increase from its value in 2015. In the case of residential-commercial and public service sector's energy consumption, obtained results show that energy consumption will be over 50 million toe in 2030 (Figure 2 (c)) with an increase of 2.97 % at an annual average rate (Table 3) . Its value in 2030 increases 55 % regarding its 2015 level. The energy consumption of agriculture sector will increase at the annual average rate of 2.46 % in the next 15 years and its value will be over 5 million toe in 2030 with 43.9 % increase with respect to its value in 2015 as shown in Figure 2 (d) and Table 3 . According to the forecasted total energy consumption of all sectors, it is expected to ascend at the annual average rate of 3.93 % and will be over 166 million toe in 2030 with 78.3 % increase from its 2015 level (Figure 2 (e) and Table 3 ). The prediction results imply that the energy policies of Turkey need continuously evolve to meet rising energy demand of its sectors. As a part of Vision 2023, the government set up number of action plans, energy targets for 2023, and strategies on renewable energy and energy efficiency to meet the country's environmental goals and to ease rising import dependence. The energy goals to 2023 consist of fostering domestic energy sources, such as a 30% share of renewable energy in the electricity mix, decreasing energy intensity by 20% below 2010 levels by improving efficiency, and building three nuclear power plants (International Energy Agency (IEA), 2016).
